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The   forces  on a  ahot  entering aiinour   plate,  at any angle  of 
Incidence and any angle of yaw,  are calculated 'fay an approximate 
method.     The  approximation is  baaed on  the   solution of   the  aasoci«ted 
•il?\atic  probler.i of oblique  penetration by a  wedge.     Hull  account   ia 
taken of   the  formation of  •   coronet  or lip,   and  of the  resistance which 
thia  offer«  to  the  shot. 

A full  numerioal  solution ie  given for a wedge of 3O0 »end-angle 
As  the  obliquity incr»en»ea  it   is  found that   the  axial   component  of 
resistance   increases   for  the  aajiie   projectile   travel.     The   lateral 
component,   zero  far  nomad  penetration,   increases nor« rapidly and 
overtakes tho  axial oomponent  at  Juat under 30° obliquity. 
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1.       IntroAuatlgn 

Th* object of this report 1» to attempt  to oalculate the foroes acting 
over the nose of a projectile ^a it enters ita target.    An aoourate knowledge 
of  these   foroea   would be valuable for  many purposes:  for example,   the 
deteradnation of decelerations for fuse design;   the oaloulation of the turn 
of a »hot on imp*ot;  and tha more complete understanding of tha ehatter 
phanomanon. 

We shall   evaluate an  approximation to  tha  foroes on a shot  entering a 
plate at  any angle of incidence and with any amount  of yaw,  by solvi.-.g tha 
associated problem of the penetration oi    a wedge.        It  is assumed that  tha 
deformation is  ductile while the  nose  is entering and that   the plate  is 
sufficiently thick for no baok bulge to be formed during this  stage of the 
penetration.     It  is neoessary,   in a preliminary investigation of a subject 
of suoh complexity» to limit  tha problem to finding the  static foroea on tha 
shot,   oar-responding  to  statlo punching at   any angle  of  attack   and  orientation. 
That  this  ia  not  a serious limitation on the Utility of the resulta over a 
considerable velooity range  is shown by the close correlation found by 
Dr.  Baines between  static punching testa and the  actual firing resulta  in 
partial penetration at  normal incidence. 

It   ia   of   course  true   that  the  proportional  oontr - bution to   the re- 
sistance by the foroes due to the  inertia of the plate material is greatest 
in the  initial atages of penetration,  and that this inoreasea with striking 
velocity,  resulting in set-up and finally ehatter.     But  even  in those  oases 
when the inertial foroes are too great  to be ignored in determining the 
absolute magnitude of the forces  on  the  shot,   yet   a comparison of  static 
foroes for different angles of attack la still useful.    For it is well  known 
that  the  effect of  increasing the obliquity ia markedly to decrease   the 
shatter velocity.     The  inference would  team  to be  that,   in angle  attack,   the 
static foroes by themselves are tending to bring the •toot nearer to the 
point of rupture,   so that  a smeller   inertial  foroe  or   striking velocity 
suffices to bring  the  stress  in  the   noae  to   the  critical  rupture  value. 
If   the  shot   were  not   sufficiently hardened,  the   static  foroes  alone   would 
presumably be   enough  to  break   the  head. 

It  will   alsb be of   greet   interest   to   correlate  the   calculations  with 
experimental values   found   from static   punching at  oblique   incidence.     It 
ia  understood  that  Dr.   baines   is  developing the technique  for  such  teats. 

2•       Wedfce  penetration with  completely plastic  coronet 

At the present stage of development of the theory of plasticity it   is 
still necessary,  in order to get a solution,  to reduce a ootrrplex }-dimension- 
al pro tile tii to one  of plane  atresa or  strain.    Far  this reason we  consider 
penetration of  &  semi-infinite  mediisn by a  long wedge.     This  is  a plane 
2-dimensional problem in which there   is  no displacement   in a  direction 
perpendicular  to   the plane  i.e.   in the direction along tne  length of  the 
wedge <     Though thia apparently represents  a rather  severe  idealisation of 
actual conditions,   it  should be noted that   the  magnitudes  of   the resisting 
pressures on a  2-dimensiopal wedge and on a 3-dimensional cone sre roughly 
the  same  at  normal  incidence  (ftef.   1).    This holds  good with tha  exception 
of long thin heads or very blunt ones, neither of which are cases of 
practical  importance!  in attaa^ °f  thiok armour .     Jioreover  the mechanisii. 
of penetration is the same  in both cases:  that of pushing the -plate material 
aside  find upwards. 

1 . 



Par added simplicity the wedge is taken to have atraight aides, whioh 
provides a satisfactory Approximation far any pointed  head  shape  during the 
initial stages of  penetration,  so that, provided the plate Is sufficiently 
thick, the configuration is alway» aimilar at any depth of penetration. 
In Fig.1  the wedge  ia constrained by applied external  forcea  to dove along 
the atrai^ht line  OP,   the direction of penetration.     6 ia the angle between 
OP and the norraeJ. ON to the target surfaoe.    For comparison with actual 
firings   9 o«n be  taken to  be  the  angle  of attack since we  are  calculating 
the foroes in the first  stages of entry,  before the plate resistance has 
overcome the inertia of the  shot to produce «ny substantial turning.    The 
axis of sycoetry OA of the wedge (in the plane of the naoer) is BOsplrt^lsH 
to lie st a fixed an#le of yaw  c with the direction of notion OP.        «   If 
positive of OA ha« rotated through an anticlookwiae angle froo OP    I.e., 
away from the aide of the wedge neareet to  the target  aurfaoe.* 

T^l 
The  theory of wedge  penetration at  norn»l   incidence   without  yaw wps 

worked   out   in Bef.1   by the present  authors.     As  we  are  printarlly concern«? 
in this  report  with practical  applications,  we  shall   derive   the required 
equations  very briefly.     Apart  from one   new feature,   which  will  be 
described fully in the Appendix, the nethod of derivation ia exactly the 
same,   and  if further   details   are required   the   first  report  should  be 
consulted. 

Tthen the angle of incidence   6 ia not too great  (this will be -nade 
mare precise in Section 3),  the lip or  ooronet  of the displaced L-Kterial 

*  It   la  asnumed   that    |*| < ß  so  that   the  wed^e   irwkes   contact  with  the 
target on both aides.     It   is perfectly easy to  consider the oaae of 
|«|>^but this  is'of little practical significance. 

2. 



UMeriftl 
leto.lv flft»tiq  nivl  ta'.iaa   th<j  fro ahowr.  shaded     n ?lc*2.     U/iter v—*"  «ib.1«ot«d to elastic straining-, KITü  th* «Uapl» isc^^,;my^»-^-" 

enta ore negHeiW-» 

PiR.2 

Ttoth 'lia^lpced   surfncea   ore   atrpißht   rind TO-O!1. *ho,K«OC»  h», 
Tf~th« wed^«  angle  i»  20    and  th«  yaw 1»   «,   than angle POT a   0 -   t,   an£le 
POC a  ft+i •     The  oonf iiO*-ntlon retaaina airrdlar  aa th« penetration 
OF a k lncre*»«».    Material  initially lylnr, to the rieht of OP 1» di»- 
plac«d into the ri^ht-hand coronat, and ainoe the irjnterinl  is  conaidexed 
lnoOBirrenDible*    area BOD    •    area OK;   alrrdlarly are* CK8 • area OWI. 
The angle« OHD, OGK are in L',enexal different;  u»iiv; the aan« notation aa 
in S«r.i. we write ODD »  V,   •   a^,      CMS •  '/,   •  «i^. 

Th»n for the right-hand lip (l».l) of R«f .1 beoouwa 

hjj oo« (/S • 9 - «)    -Ic oo» a .    hg «in (ß • 6- «- «H)       (2.1) 

(k.}) of R»f.1 b«oo.n«» 
hg oo« oR     •      k    «ln(A -«)    •    oo» (/9 - «-   aR)l           (2-2) 

SUninntlng hR*    !- 

oo» (20  +  9-2«-    «a)    «    «in 9   •      ooa 9 ooa «R  (2.5) 

1  + »In «R 

» Elejtio otraln» are nec,l«oted  in ootnpari«on with pl«»tic »train» »lno« 
th« raoterial  la free to flow out at  the »urf I o«. 

J- 



H#aoe given   ß t   6    and   t we can rind a{;   substituting back  In     2. 2) than 
g-vee  !y..     3indl«rly on the   left-tiand  side:- 

^ cos   {ß * € - 6)     -    K coo 9=     hRsin(/9-9 + tf-    aL)              (2.-V) 
r                                                                             1 

h^ cos   c^    =     ic   lain (>S •  «y       •       cos   ( £ + c -    aL, |       (2.5) 

cos  (2/9    -8+    2*    -    aL)     *     -sin 9 t       ooa 9 .OOB aj_     ....     {2.6) 

1   +   «in aj 

This,  "-ven rind    c ,   deter...in-.-s «T   and   then   h . 

T!ie  forcee  on the ived^e  con^iet  of  a uniform  norual  preaaure  2*(1  * t») 
dong OB,   BIV]   ft   normal   [.reaeure  * r(l   • aL,  along  OC.     *  is  equal   to 
'/V3   ""***• Y ia  the  yield  stress of the target  material.*    There ia no 
fricti-aal  force  along the  aldea  of  the  wedge  ainoe we  are  assuming perfeot 
lubrication:   it   ia  generally  oonoeded  that   friction ia   negligible   in dynamic 
firings,   and   steps   are  taken to  eliminate   it   in atatic punching. 

The foroee exerted on th* wedge by the target material are therefore 
equivalent to two forces Pfc, PL (per unit length of wedge  normal to the 
plane  of  the paper) acting perpendicularly to  the aidee at distances 
**£ >   ^    «*w* 0,   (Pig.».     5e   have 

PR * l* hy (1   • aR)  ;     PL «  2-rhL (1  +aL)      (2.7) 

The resultant  of these  two forces   interaecte  the axis  of syuxnetry 0A at 
A (say),   diatanoe d from 0.  (Pig.Jb).     It   ia  convenient  to resolve  the 

\ x    '//ark-hardening ia neglected.    The rate of work-hardening ia conpnratively 
•nail for armour steel,  but in any oase  * o»n be regarded as a mean flow 
stress to lw determined by static punching experiment«. 



resultant   foroe   into  axial   and  tr   inverse   components   PA,   P-p along,   and 
perpendic\.lar  to,  Oft.    Then 

?A     •      (KK *   PL)   sin   ß 

(KR rL>  c°3 
(2.8) 

By   taking  motients   nbout   0: - 

(2.9) 

It   is  also  useful  to  calculate   the   cor.ronent   forces   N,  5 in direction« 
normal and tangential  to  the   or  ginal  plane  surface  (Fig.)c).     These  are 
given by 

(8- t) Kj  sin   (8  -V) 

3    »   -PA  sin (0 - e )     *     FT coo  ( 0 -   t)    ) 
)           (2-10) 

Tha  forces   needed  to  be  applied  to  the  wedge  in static punching to keep 
it moving along  OP,  and at   the  given angle  of  yaw,   are   simply  tha reverse 
of tha   force   system considered above. 

It   is convenient  to express  the resistance  as  o pressure by dividing 
tha   forooa  per  unit wad pa -length by UH  (.Pig.2),  which represents   the 
diameter  vf  the   compression measured  in the  plane  of   the   original   BUT fco«. 
KSrcHM simple  geometry 

(2.11) koos6    tan ( ß + < «) tan (ß -8 ..,]... 
The  pressures  defined   in this  way are   independent  of  the   depth of penetra- 
tion and will  be represented by small  letters (e.g.   f A,  f <p,  n,  »).     The 
frequently used analogue in 3 ^dimensions is Poro«/(Area of impression in 
original  surface).     Aa  remarked previously the  corresponding pressure»  in 
2 or  3 dimensions  are  found   to be roughly equal at  normal  incidence. 
Whether  this  is  true  at   oblique  incidence,   ne  seems  likely, must  be 
decided by experiment. 

Tt  ehould  be  not toed  that  a hole of  given ahape and orientation below 
th* original surface may be produced in many ways.    Per example th« hole 
made  by an unyawed  50°  aemi-*ngle wedge  striking  at  0    i»  the  same  below 
the surface as that raeide by the  same wedge striking «to   with o poaitiT« 
yaw.    The coronets and pressures are however different.    In general the 
•ante shape  of hoi« below the  original aurfaoe is produced when  9 - t  Is 
constant  (for a given 0 ). 

3«      Left-hand Coronet  not oompletaly plastlq 

It Is now neoesaary fes look mare oloaely into  the stress distribution 
in the left-hARd coronet  in Pig.2 i.e. th« ooronet on th« side of th« 
w«dg« furthest  away from the original target surr"aoe.     It was shown in 
Ref .1 .  that when «L >0 and the ooronet Is doc^letely plastio,  th« field 
of «lip-lin«« (or directions  of maxii.ium shaar «tresa) taiots the form shown 
In Pig.4.«. 



It  consists   of two  enter  region,   stressed  unif cniL.y,   in which the 
slip-linos   (shown dotted) are  ortfkOK°n°l   straight   lined   meeting the  wcd^.e 
or   free   surfaae   in ""A;   rind  an  inner region   in  which  tl*e  slip-lines   ;ire 
concentric circular arcs  and  radii.     The  mwM""Ti shear  stress   is  every- 
where  constant   and  equal  to * . 

It  will   be  seen  that   a limit   is   set   to  this  type   of solution by the 
oondition that   angle  ECO should  1*  /^renter   than or  equal   to n/2  or   th't 
a^ >0.     The   critical   relation between 43,  ß  and   e   for  which a^, =   0  is 

found   from  (2.6)  to  bo 

(2/ 0  +   2 € ) -sin H +   cos 

tan $ 1 cos  2 m 1   • sin 2( 

The  solution  in  Fig.(4a)   is  valid when    0,  ß,  c   are   such that 

tan   6    < 1_   -  cos   2(,i +   c) 
1   +   sin   Z{,i +   €) 

(3-D 

(3-2) 

o * 
If,   for  example,   we  take    jr • 0,   then  for   ,9*   30     the  critical  6   is   15~ 
Por  greater  obliquities  than this  the  above  typo of  solution is  impossible. 
tfs such restriction  occurs with  the   coronet   on the  right-hand  or  near  side 
of  the  wedge:   the  coronet   is  always   completely plastic. 

When the relation (3.2)  is not  satisfied the left-hand  coronet  is 
elastic,   the  [ilaytic  strains occurring «e  mst-riaj,   crosses   the Una  CS 
into the  coronet   (Fig^4bJ.     The  plastic regicn  is  in  fact   localised  in  the 
line  OK and  material  becotnes  stress-released   on entering  OEC.     This  rather 
utrange solution is due to our neglect of elastic strains whenever the 
plastic  strains  are  large  in comparison.     In  a  completely accurate  solution 
there would be a plastic region.below <M in which plastio mil elastic strains 
would  be mostly of  the   sruoe  order,  and  in this  region  the   1. rge  shear  strain 
would  take  place  gradually,   becoming   increasingly  severe  as  OE   is  approaohed. 
The  final state of stress and  strain on OB would  however differ  little from 
the  present  solution (the differences being of order ^/g In comparison; 
I * Young's Modulus,  Y = yield  stress). 

•    When 0m 0,  w/2 the critioal raluss of Q are 0° and 6}° 26' respectively 
for «ero ymw. 

6. 



Beoauee of the impoeaibility of finding the elaatlo atreaa distribution 
in OBC anelytioally »e oan only «raluete the reaultont foroe on- th* wedge 
faoe OC »nd lte point of applioatlon J. 

Th« equilibrium equation in direction OC la autouatloelly eatiefied 
if w» take the ncnnel preesure    - * on OK, ainoe there ia no tangential 
foroe along OC,  nor any fcroea on the free aurfaoe BC. 

HeeolTing perpendioularly to OC for the  foroee  aotlng on region OBC, 
and taking momenta about 0, we find the foroe on the  left-hand faoe of the 
wedge to be 

 .:••   (JO) 
A  . k 00s 9 whare OJ   -   v2 ooe   ( £ • « - 8 )  - alnC/9 e . - 8 ) 

(J.4) 

This  relation  is   proved  in th«  Appendix, whare   it   is al«o shown that  angle 
PCO    - r/k>   • 

OC    «    k ["«.in (£+«)    +    oo»(A*#)l 

Th*  equation«  (2.8),   (2.9),  (2.10) hold with th«  n*w definition of h^; 
th«  equation«  involving hg, aß «re of oourae unchanged. 

4.       Numerical Jfecample  * Unyawod Wedge striking M varloua  obliquiti«« 

Por  dofiniten«39  let  u«  tak«  a wedge of 60°  total   angle   (ß «   30°),  and 
examine  the  foroe«  on the wedge  for   aeveral   angl««  of  incidence,   taking th« 
yaw to b«   zero.     Fron (?.1) the   critical  angl«  of  incidence   i»  15°•     Por 
srmller anglea  than this th«  equation«  of Section 3  **"• valid;   for greater 
onglaa the  equations  of Section 4 moat  be applied  to  the   left-hand  coronet. 

To  begin with we  calculate etR from (2.3), with ß •  30°,   f i f<.JT 

6.0°,   10°,  20°,  }Cfi,  40°,  50°.     (whan  6>60°  the wedge fail» to bit«  into 
th«  eurface).    Since ß occurs only on the left-hand  «ide of (2.3),  a 
convenient way of  aolving  the  equation  ia  to  take    ctg  a«   independent 
variable and plot   th«  graph of $ against ctg for  «aoh value of    8-*    Th« 
value  of   a« corresponding to ß - }(P 1« then read  from  the graph,    ^R/   1« 
then found from (2.2). 

Por   9*0°,   10° a similar procedure  la u»ed to  calculate aL.   ^/k  from 
(2.6) and (2.5).    Per the  higher obliquities  "L/ic  ia found jjiradiataly froa 
(3.3).    We  can th«n oolloct   the re«uita  in Table  I.    Pig.(6)  at  the  end of 
the report  »howa  the ooroneta  for 9« 0°,  20°, and 40° for  th« «ame   depth« 
of penetration normal to the target  «xrfao«.    Por   comparison for th« same 
k,  «oaling-down is required for 9M 20°, 40°  in the ratio«  seo20° -   1.06-*., 
sec 40° =>   1.305 re«p*ctiroly. 

8° °R° 

Table  I 

*A v* 
0 

10 
2C 
JO 
40 
50 

16.5 
29.0 
40.6 
52.4 
64.6 
76.9 

16.5 
6.0 

1.536 
1.715 
1.953 
2.335 
3.065 
5.220 

1.536 
1.421 
1.158 
0.666 
0.661 
0.501 

. 

a Note  that  when doing this only value«  of ^ * 9 give real  values  of ß . 
Whan ß *0, Og - 9. 



ft-ou  (2.7)  and Tahle  I  Pg can  be   oeloulatod;   ft   io   found fron (2.7) 
for  8  =  0°,   10°,  and from (3.4) for  6 .  20°,   J0°,   40°,   50°.     Wo  divide 
tlvsso bv D (2.11) to obtain the quantities  f R ,  f^-    Theee valuoo,  together 
with JA from (2.9) ore «hown in Table II. 

% •v, L/2« 

' 0 1.155 0.887 1.71 1.71 
10 1.185 1.254 2.18 1.32 
20 1.286 1.371 2.60 0.90 
JO 1.500 1.552 2.98 O.58 
40 1.970 1.930 3-33 0.34 
50 3-412 3.130 3.56 O.15 

It  will  bo  soon that  d   ia   greater  than  k for  all  except   email 
obliquities   and   that  dA  lncroajos  rapidly at  large obliquities.     The 
reason is  clear   from a  consideration of  ^t/k *n Table   I  and  Pig.(6):   the 
right-hand  coronet   ia  in  contact   with the wedge  over  a length  lar^e  oora- 
pared  with  the  depth of penetrat'on. 

Prom  (2.8),   (2.10)  fH »    A/D,   fT  »     TA>,   Q •   '/D,   a  »    /D are  DW 
calculated.     (Table  Til).     For  ductile  armour  steel,   B.H.M.   230  - 280,  aa 
average  value  of  the  flow   stress  Y  is  50 tn/in.^  and  IO  2«i   57*7 tn/in.   • 
Thus  at   narcial   i noidenoe  f^  »  99   tn/in.2.     This   ontry resistive  pressure 
over   the   surface   impression  should  be   compered  with  static  resistances  of 
over  200  tn/in.^.   for  deep  penetrations  when  the   head  and  bourrelet   are 
well   in  the 

/in.^-   for  deep 
target   (Rof .2) . 

fV2 

Table   Til 

V2* n/2, B/2K 

0- 1.71 0.00 1.71 0.00 
10 1.73 0.74 1.85 0.42 
20 1.75 1.47 2.15 0.7!'. 
y 1.7b 2.08 2.58 0.91 
40 i.e3 2.59 3-07 0.81 
50 1.87 2.97 3.48 0.48 

It   ia  clear   from  this Table   thai   an empirical  theory,   in which' the  actual 
pressure  distribution  is  replaced by an equivalent  mean  hydrostatio 
pressure  acting over   the  part  of  the  wedge  below tike original  surface, 
would   be  unsatisfactory  in calculations  involving both force   ootnponents. 
For the resulting force on the projectile would then  consist of a normal 
pressure  over  the  segment  of the  original   surface   intersected  by the  wedge. 
The  shear  component  s   in Table  III would  be   aero,   involving  considerable 
error.     Moreover  a  simple   theory of  this  type  would  also  be   inadequate   In 
determining the   noaition of  the  point  A,  &  knowledge  of  which ia  necesssry 
when taking moments.     Thla  is due  to an under estimate of the length of 
contact  between  the  wedge  and right-hand  ooronet.     It  should,   perhaps,   be 
pointed out that the difference in the pressure on the two faoaa of the 
wedge which  is responsible  for  this   large  difference may be   less  far  a 
projectile  than for the wedge solution at this report.    Freedom for plaetio 
flow round the projectile would tend tc   equalise    thi3 pressure difference. 
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It   io  interesting  to calculate   the  work don» in BjpdjtlAg  the   hole. 
oinoe we are not  •Jvlowin;' turning of the shot,  tha  transverae force 
ca ip orient  Pp doec no work when   * • 0,  tha whole work beiri^ done  by the 
aain.1  a crap onent PA-    ^»inoe fa  i« independent   of panetr..tion,  tha work 
done par unit  length of  wedge  io • • AfA aeo   d   where A » «reft oi' hole 
below  the original surfaoe • j.D.k ooa   9 ,    The work per unit  volume 
of hole ia f^ sec   d .    From Table Til for A OO° vaigfl w« see thM this 
incraasea  steadily fror- } .ifi.   K   when   9 • 0° to ^.82   *    wtwn   0«  50°;  «'» 
taking Y *  50  tn/in2,  froa 99  tn/in2 to  168 tn/in2.     If we oor^iare the 
work expended in penetrnting to a given vertioal Japth kcoe 9   for 
vnrioua   obliquities,  tha   increase   ia  still  greater  a'nee  the  volune   of 
hole rapidly increases with   0 . 

Tlii* numerical exaraple is sufficient  to uhovr tha method.     Other  oeaoa 
can be treated  in a similar wfly when ad  hoc calculation*   u*a  oalled for. 

Api>e,»dijc 

Stress and Velocity ^lution for Carpi io t_ _when  n. yt Co i^let«ly Plaptio 

Eh\rect ion 

Penetration 

Line  of  large 
plastic  atrnina 

fte-a-. 
,Yhon anfcla   ICO <*r/2  it  i^1  not   poaaibl« to  find P  satiaf->ct ory solution 

i-i  which  the   coronln,   ia   oortpletely  plastic,   ana   „e   iust   th-refore  look  i'-jr 
solution  in whioh    wt  of the  coronet  \VB recovered elastioully after 

being severely strainexl.     Juch *  solution ia one  in which the coronet  0*50 
i3   conplertol;' elastic, th*>  plaotic region  being  localised -in  the = »Wp-lir*e 
G2 which ruat   nee:   the wedga   in rr/^.     Along  thio  line  the   3 hear  acts   in 
tha   direction  shown,    .ieoolving  in  direction OC  shows  tlv*t   the  nrearure 
noriaal  to  OF,  (coi.3ta.nt  since  OK  is   n   straight   »lip-line)  iu  s^uel   to   *  . 
Ueeolving  perpendicularly to  OC the  renudtant   fore«  r^ on th-  wedfe  ia 
t^ m  V2 K .   CE,   and  by taking no;nonta  »eout  0,   tha   point   of  application  is 
nt  J where  hlj   -  OJ *m  '£• r.  OS2.    7*y IlLlAl UWUUSJllj (projecting OT, on a 
line  pajrpejT>dleular  to  "C) 
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CE   COS    (ß 

*l • 2 * ht wt 

1 

.•oV( ,' • 

where 

J )    -    k co» e 

QJ * hj_,/    and 

9) 

The   »trass   on OC will  be  distributed  continuously along OC  in  son«  way 
which  it   is   ^[possible  to det-wnirw  analytically. 

Jinoe   the  coronet  moves  as a rigid  body,  with material  continually 
added on the baa« OE,   its velocity is ^2 Vein (/? •   c) in the   lirection 
CE (V « wedge velocity in direction PU).     The material  below CE is 
effectively rigid  and   »o there  is  a  tangential  discontinuity in velocity 
across  CE which is permissible since  CG is  a, »lip-line and therefore  a 
direction of i.-wixlrari shear  strain-r-'te. 

The  shape  of EJC has  »till  to  be determined   ,'rom the  condition that 
.-i«  the  penetration  increases  EC r.toves   [wu-allel  to  itself  at   B  r <te  such 
that the oonflgurAtlon remains   similar.     Tn the w.irding of »*f,   1  axl point» 
in CEC have the same f ocua , which on the unit diagram with k •   I, is on 
a line through ? parallel to the direction of i.otion OS end  at n distance 
• 2 ain(,? +  e) from F.     It  i» obvious that  this focus must  be the tip C 

of the   ooronet  since  elements on  the  sides BJ,  JC reriain  there  and  move 
steadily AIOQJJ thesa  lines   in the  unit   diagrun.     C  i»   thus   determined   as 
the  point  on the wedge  suoh that  angle  FCO = */£ .     The  final   defonvition 
in the  ooronet   can be   obtained  by alnrply shearihg  trianglo  CKP into 
triangle  CEC. 

It  i»  easily verified  that   angle  CEC *w/it  in  this  »olution »o long 
as  (3*2)  ia  not   satisfied.     Then  (.5.2)   is   »atiefied  it  would  not   be  valid 
to use this type of »olution in place of the plsstic coronet solution of 
Section 2,  since   in  euch  cases  angle  OSC <ir/\.     Aa  dieoujsed  in  detail   in 
riot.},  because of the raajcinun »hear  stress  *  eating along 10,  the  elastic 
li.-.dt  would  be   exceeded  in the   corner B anJ  the  solution would   break  down* 
When CEC   > */4 i*  i» not possible to aesert definitely that  the elastic 
limit   is  not  exceeded,  without   a  full   elastic  stress   solution,   but   fret; 
qualitative  arguments  it  seem»   likely that   the  coronet  will  in fact  be 
only elastioolly stressed. 
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